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Abstract
Background  Artistic gymnastics is reported to have 
some of the highest injury rates in sports, which limits 
participation and often involves considerable medical 
expenses.
Purpose  To critically appraise the epidemiological 
literature on injury patterns and risk factors in 
competitive artistic gymnastics.
Study design  Systematic review.
Methods  Six databases were searched for articles that 
investigated injuries in competitive artistic gymnasts. 
Injury incidence, prevalence and risk factor data were 
extracted, alongside information on injury location, type, 
severity, nature and mechanism of injury. Quality and 
level of evidence were assessed using a modified Downs 
and Black quality index checklist and the Oxford Centre 
for Evidence-based Medicine guidelines.
Results  The search identified 894 articles, with 22 
eligible for inclusion. Descriptive analysis showed that 
injury incidence and prevalence varied from 0.3 to 3.6 
injuries per gymnast (female=0.3–3.6, male=0.7) and 
2.0–2.3 (female=2.0–2.3, male=2.0), respectively. Male 
gymnasts sustained mostly upper limb injuries, while 
female gymnast reported lower limb injuries. Floor was 
associated with the greatest number of injuries for both 
male and female gymnasts. Higher competitive level and 
exposure to competition were risk factors for gymnastics 
injury: age, body mass, body size, training duration and 
life stress were significant associated factors.
Conclusion  Injury incidence and prevalence results are 
substantial among artistic gymnasts of all competitive 
levels. Gymnasts who train at highly competitive 
levels and are exposed to competition environments 
are a greater risk of injury. Future researchers should 
implement consistent reporting methods.

Introduction
Artistic gymnastics is an Olympic sport in which 
men and women perform routines on a variety of 
different apparatus with the aim of obtaining the 
highest possible score. Female artistic gymnasts 
compete on four apparatus (vault, uneven bars, beam 
and floor), while male artistic gymnasts perform on 
six apparatus (floor, pommel, rings, vault, parallel 
bars and the horizontal bar). Gymnasts typically 
begin training as young as 6 years of age and can 
train up to 36 hours a week.1 Competitive gymnasts 
have a high risk of sustaining an injury.1 

Injury rates for artistic gymnasts have ranged 
from 1.5 to 9.2 injuries per 1000 athletic expo-
sures (AEs; one AE is equivalent to one gymnast 
participating in one training session or competi-
tion).2–5 In the American collegiate sports system 

(inter-university sporting competitions), women’s 
artistic gymnastics was reported to have the second 
highest prevalence proportions (6.1 injuries per 
1000 AE), ranking second behind men’s American 
football (9.6 injuries per 1000 AEs).5 Additionally, 
women’s gymnastics had one of the highest preva-
lence results of stress fractures (25.6 per 100 000 
AEs), only behind women’s cross country running 
(28.6 per 100 000 AEs).6

Injury can have a multitude of adverse effects, 
including reduced sport participation time,7 risk of 
degenerative musculoskeletal disorders,7 risk of long-
term or permanent disability,8 increased risk for rein-
jury,2 9 decreased well-being10 and associated medical 
expenses.11 When designing injury prevention 
programmes, injury surveillance is a critical step in 
order to provide clear information on the type, loca-
tion and severity of injuries that are likely to occur 
in a given sport.12 13 This information assists with 
identifying high-risk patterns where future interven-
tions may focus, in order to have the greatest impact 
in reducing injury risk.13 Previous narrative reviews 
have been published on gymnastics injuries1 14–19; 
however, none have taken a systematic approach. In 
this systematic review, we aimed to critically appraise 
the available literature on the incidence, prevalence, 
location, type, severity, mechanism and risk/asso-
ciated factors of injuries in competitive male and 
female artistic gymnasts.

Methods
Data sources and search strategy
This systematic review followed the guidelines of the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses.20 A comprehensive literature search of 
six relevant electronic databases (CINHAL complete, 
MEDLINE complete, SPORTDiscus, Scopus, PubMed 
and Web of Science) was conducted from their origin 
to 12 July 2018. Search terms were piloted to ensure 
the most comprehensive identification of articles for 
this systematic review. The following keyword string 
was used to search in each database: ‘(gymnast* OR 
‘artistic gymnast*’) AND (injur* OR fracture* OR 
sprain* OR strain* OR ligament*) AND (‘risk factor*’ 
OR overuse OR ‘training load’ OR maturation)’. 
Gymnastics, sprains and strains and risk factor are 
all Medical Subject Headings (MeSH terms). Limits 
of the search were set to only include peer-reviewed 
articles (this filter was not available for MEDLINE, 
Scopus, PubMed and Web of Science) that are avail-
able in English. No limit was placed on publication 
date to provide the most comprehensive summary 
of injury patterns experienced in competitive artistic 
gymnasts.
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Study selection
Articles identified through the database search were title/abstract 
screened independently by two authors (RC and WS) based on 
a priori inclusion and exclusion criteria. Full-text screening was 
conducted independently by two authors (RC and WS), and all 
disagreements were resolved by consensus. The reference lists 
of all included articles and review articles (prior to exclusion) 
were screened to identify additional relevant articles. If further 
information was needed to determine if articles met the inclu-
sion criteria, the authors were contacted to clarify details about 
their study. If no response was received, the article was excluded.

Inclusion criteria
Studies were eligible for inclusion if they: (1) investigated injury 
incidence (number of new injuries that occurred to the popu-
lation during a specific duration of time), injury prevalence 
(proportion of population who have an injury at a specific 
time), risk factors (when temporality is considered; ie prospec-
tive cohort studies) or associated factors (where temporality 
cannot be assessed; ie cross-sectional studies)21 22 in competitive 
artistic gymnasts, (2) were original research articles, (3) had been 
through an independent peer-review process and (4) were avail-
able in the English language.

Associated factors are identified through cross-sectional and 
some retrospective studies that observe a difference between two 
groups at a specific period in time, but are unable to classify 
whether the factors are predisposing or causative factors because 
of the design of the study. Specifically, these study designs cannot 
distinguish whether exposure to the factor came before or after 
the observed outcome; therefore, they can only identify associ-
ated factors.23–25 Prospective research designs consider tempo-
rality and can therefore identify risk factors.24 25

For this review, a gymnast was considered ‘competitive’ if they 
competed in competitions at a club (competed in local competi-
tions), state/provincial (competed at state/provincial champion-
ships), national (competed at national championships), collegiate 
(competes within the collegiate system) or international level 
(competed at major international competitions). Studies where 
competitive artistic gymnasts’ data could be analysed separately 
from other athletes were also included. For randomised control 
trials, only the pre-intervention data were considered for anal-
ysis as the post-intervention results would have been altered by 
the intervention undertaken. No limits were placed on the age 
of the participants.

Exclusion criteria
Studies were excluded if they: (1) were any type of review article 
(reference lists were screened prior to exclusion), case study or 
conference abstract, (2) investigated other forms of gymnastics 
(eg, rhythmic, aerobic, acrobatic or trampoline), (3) included 
recreational artistic gymnasts in the participant population, (4) 
recruited participants from school gymnastics teams (primary, 
middle or high school) or (5) reported primarily on anatomical 
variations (eg, ulnar variance) rather than injuries. Studies where 
gymnasts were recruited from school teams were excluded 
because school gymnastics differs greatly from competitive club 
gymnastics. School gymnastics teams tend to train sporadically 
and generally employ less experienced coaches, while competi-
tive club gymnasts will train all-year round with coaches having 
to partake in extensive training.26 It is also difficult to determine 
if the recorded injuries occurred in physical education classes 
while participating in gymnastics activities, or during school-
based gymnastics team training.

Quality assessment and level of evidence
Quality assessment was conducted using a modified version of 
the Downs and Black (D&B) quality index checklist. Areas of 
assessment include the quality of reporting, external validity, risk 
of bias, confounding bias and power. This checklist was selected 
as it is specifically designed to be modified to assess the quality 
of observational studies.27–29 Checklist items 4, 8, 13, 14, 15, 
17, 19, 21, 23 and 24 were removed as these were inappro-
priate for the observational designs of the studies included in this 
review. Examples of the removed items include, ‘Was an attempt 
made to blind study subjects to the intervention they received?’ 
and ‘Were study subjects randomised to intervention groups?’ 
Additionally, items 3, 9, 10, 20 and 2730 were customised as 
these items are topic sensitive, so reviewers were provided with 
additional information (eg, known confounders) to make the 
interpretation of the items much clearer.27 For example, item 
3 was adapted from, ‘Are the characteristics of the participants 
included in the study clearly described?’ to include the minimal 
information acceptable to gain a point for this item (must include 
the age, height and mass of the participants). Additionally, item 
9 was altered from, ‘Have the characteristics of participants lost 
to follow-up been described?’ to also include information for 
studies that used surveys and detailed that response rates must be 
reported to score a point for this item. Each study could score a 
maximum of 19 points, and articles that scored 10 or less points 
(approx.  <50%) were excluded from the review. The cut-off 
threshold was similar to previous systematic reviews29 31 32 and 
ensured that only the highest quality articles were included in 
this review.

Level of evidence (LoE) was assessed using the Oxford Centre 
for Evidence-based Medicine  guidelines (OCEBM).33 The 
OCEBM guidelines provide five different levels of evidence 
scores based on study design and how well each controls for bias. 
Level 1 is the highest level of evidence that includes high-quality 
systematic reviews or local and current random sample studies, 
and level 5 is the lowest and includes studies that report expert 
opinions. Two reviewers (RC and WS) independently assessed 
the quality and the level of evidence of each article and any 
disagreements (where the two reviewer’s scores differed greater 
than 10%) was resolved through discussions until consensus was 
reached.

Data extraction and analysis
Data from all included studies were mined using a structured 
data extraction table. The data extraction table included infor-
mation on authors, year, country, study design, surveillance 
period, population (sample size, sex, age, height, mass, gymnas-
tics level and weekly gymnastics training hours), injury defini-
tion, data collection method, risk factors investigated, statistical 
analysis performed, injury incidence and prevalence (eg, injuries 
per gymnast, injuries per 1000 hours of gymnastics exposure and 
injuries per AE), injury location (eg, upper limbs), injury type 
(eg, sprains and fractures), injury severity (eg, days lost to injury), 
injury nature (eg, acute/overuse injuries and recurrent injuries) 
injury mechanism (eg, apparatus/gymnastics skills performed at 
time of injury), significant risk factors for injury, D&B quality 
index score and the OCEBM level of evidence score. Participants 
from each study were grouped according to sex and competitive 
gymnastics level. The following competitive level categories were 
used to allow comparison; club level (gymnasts who competed in 
local competitions representing their club), state level (gymnasts 
who were eligible to compete at state/provincial champion-
ships), national level (gymnasts who were eligible to compete 
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at national championships), collegiate level (gymnasts training 
and competing within the college system) or elite level (gymnasts 
who were eligible to be selected for national teams/compete at 
major international competitions). Extracted results from each 
of the studies were descriptively analysed. A meta-analysis could 
not be performed because all studies varied significantly in their 
reporting methods and analysis techniques.

Results
Search results
The initial electronic database search yielded 815 articles. An 
additional 79 articles were identified through screening refer-
ence lists. Once duplicates were removed, a total of 432 arti-
cles were title/abstract screened, leaving 89 articles remaining 
for full-text assessment. Screening by full text left 56 potentially 
eligible articles, which were then quality assessed. At the end of 
this process, 22 articles were eligible for inclusion in this review 
(figure 1).

Study characteristics
Six of the included studies had a prospective cohort 
study design,2 9 34–37 two studies used a cross-sectional 
design,38–40 six implemented a cross-sectional and retrospec-
tive design40–45 and eight used a retrospective cohort study 
design.6 39 41 46–52 The 22 included studies were from nine 
different countries. Sixteen of the studies only investigated 
female artistic gymnasts,2 6 9 35–38 43–45 47–52 three investigated 
male artistic gymnasts (or only the male gymnasts data could be 
included),34 40 42 while the remaining three studies investigated 
both male and female artistic gymnasts.39 41 46Table 1 provides 
additional information on sample size, duration of surveillance 
period and participant characteristics.

Quality assessment and level of evidence
Quality assessment scores of all included studies ranged from 
10.5 to 13 out of a possible 19 points (table  1). Included 
studies generally scored well in the reporting and the risk of 
bias sections, while most scored moderately to poorly in the 
confounding bias section. Half of the included studies scored 
very well in the external validity section, while the other half 
scored poorly. All but one study scored zero in the power anal-
ysis section. Studies had to score greater than 10 points (>50%) 
to be included in this review, and as a result, 32 articles were 
excluded due to poor quality (figure 1). Most excluded studies 
scored very poorly in the external validity and power sections, 
with majority scoring zero in both sections. The level of evidence 
scores for the studies included in this review ranged between 1 
and 3. One paper received an evidence score of 1,43 while all 
other studies (n=21) received a score of 3 (table 1).2 6 9 34–42 44–52 
No studies were scored as level 2 or 4, because these included 
systematic reviews and case-series studies, respectively, which 
were excluded from this review.

Injury definition and data collection methods
Injury definition and data collection methods varied significantly 
across the included studies (table  2). Three injury definitions 
required medical professionals to provide a diagnosis,37 39 46 
five required gymnasts to report injuries to an athletic trainer 
or coach,6 47–49 52 one noted refraining from using a specific 
body part for longer than a day,36 one recorded reports of 
pain34 and 11 required gymnasts to miss or modify aspects of 
their training.2 9 34 35 40 42–45 50 51 Data collection methods also 
significantly varied: 13 studies used self-report injury reports/

diaries/questionnaires,2 9 34–38 41 43–45 50 51 four used interview 
methods,2 9 40 42 five required injuries to be reported by coaches 
or athletic trainers6 47–49 52 and four required a diagnosis from a 
medical professional.37–39 46

Injury incidence and prevalence
A total of 21 studies reported injury data: six studies reported 
injury incidence,2 9 34–37 while 15 studies described injury prev-
alence (table 2).6 38–49 51 52 Among the studies that reported all 
injuries, the one-year incidence of injuries to female gymnasts 
ranged between 2.5  and  3.6 injuries per gymnast9 35 or 3.7 
injuries per 1000 hours9, while over a three-year period, it was 
reported as 0.3 injuries per gymnast36 or between 0.5–2.5 inju-
ries per 1000 hours of exposure.2 36 The injury incidence rate 
for male gymnasts was reported as 0.7 injuries per gymnasts per 
season or 1.0 injury per 1000 hours.34

The one-year prevalence proportions for female gymnasts 
was reported as 2.0 injuries per gymnast46 51 or 2.0 injuries 
per 1000 hours of exposure,51 while over four years, the prev-
alence was revealed to be 2.3 injuries per gymnast.45 Prevalence 
of injuries for male gymnasts was reported as 2.0 injuries per 
gymnasts per year.46 Table 2 also reports the incidence and prev-
alence results for studies that focused primarily on wrist inju-
ries,41 42 ankle injuries,40 elbow injuries,38 48 stress fractures,6 37 
severe injuries,49 ACL injuries,47 deltoid ligament sprains52 and 
spondylosis.39

Injury location
Eleven studies provided information on the distribu-
tion of the anatomical location of gymnastics injuries 
(table 3).2 6 9 34–36 40–46 49 51 Ten studies investigated the location 
of injuries to female gymnasts, all of which reported the lower 
limbs (or a specific location within the lower limbs) as the most 
commonly injured area of the body.2 6 9 35 36 43 44 46 49 51 For male 
gymnasts, only two studies reported the location of injuries, 
and both stated the upper limbs as the most commonly injured 
area.34 46 Additionally, four studies focused on injuries that only 
occurred at the wrist,41 42 ankle40 and elbow38 (table 2).

Injury type
Twelve studies provided information on the type of injuries 
sustained throughout their respective surveillance periods 
(table 3).2 9 35 36 38 40–43 46 49 51 Eight studies reported on the injury 
type for female gymnasts, of which five mentioned either strains 
or sprains as being the most common injury type.2 35 43 49 51 
Non-specific pain,9 fractures36 and lumbosacral soft tissue/pars 
defects46 were also listed as common for female gymnasts. Only 
one study reported on male gymnasts injury type and identified 
that shoulder rotator cuff lesions were most common.46

Four studies provided detailed information about specific 
types of injuries sustained at the elbow,38 wrist41 42  and ankle 
(table 3).38 40 42 Gymnasts experienced mostly pain at the elbow 
(20.0%),38 while the majority of wrist injuries were aching 
pains (92.0%)41 or wounds (47.0%)42 and ankle injuries mostly 
involved the joint or ligaments (79.0%).40 Additionally, six 
studies focused only on the presence of stress fractures,6 37 ACL 
injuries,47 elbow subluxation and dislocations,48 deltoid liga-
ment sprains52 and spondylolysis (table 2).37 39

Injury severity
Twelve studies provided an indication of the severity of the 
reported injuries (table 3).2 9 34–36 40 41 43 44 46 51 52 Most studies 
described injury severity by reporting either the number of training 

 on 5 F
ebruary 2019 by guest. P

rotected by copyright.
http://bjsm

.bm
j.com

/
B

r J S
ports M

ed: first published as 10.1136/bjsports-2018-099547 on 22 January 2019. D
ow

nloaded from
 

http://bjsm.bmj.com/


4 Campbell RA, et al. Br J Sports Med 2019;0:1–15. doi:10.1136/bjsports-2018-099547

Review

Figure 1  PRISMA flow chart of included and excluded studies. PRISMA, Preferred Reporting Items for Systematic Review and Meta-Analysis 
Protocols. 
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Table 1  Study characteristics

Authors, year
(country)

Study design, surveillance 
period, injury location/type 
investigated

Sample size, mean age, height and 
body mass (M, F; SD/range)

Level of competition, mean/range 
training exposure±SD (range) D&B score, OCEBM LoE

Bak et al,34 1994
(Denmark)

Prospective cohort.
1 year.
Whole body injuries.

37 M.
16 (8–23) years.
167 (127–191) cm.
58 (26–93) kg.

Elite and national levels.
14 (5–27) hours/week, 49 (47–51) 
weeks/year.

11.
Level 3.

Caine et al,91989
(USA)

Prospective cohort.
1 year.
Whole body injuries.

50 F.
12.6 years.
Height and body mass not reported.

Elite, national and state level.
20–27 hours/week, 5–6 days/week.

13.
Level 3.

Caine et al,2 2003
(USA)

Prospective cohort.
3 years.
Whole body injuries.

79 F.
7–18 years.
Height and body mass not reported.

National, state and club level.
7.5–22.5 hours/week, 3–6 days/week.

13.
Level 3.

Dexel et al,38 2014
(Germany)

Cross-sectional.
Elbow injuries.

30 F.
11.7 years.
Height and body mass not reported.

National level.
7.8±1.3 sessions/week.

11.
Level 3.

DiFiori et al,41 1996
(USA)

Cross-sectional and retrospective.
6 months.
Wrist injuries.

52 (20 M, 32 F).
M: 10.9±3.3 years; F: 12.3±2.0 years
Height and body mass not reported.

National, state and club levels
11.9±5.2 hours/week.

11.5.
Level 3.

Dixon and Fricker,46 1993
(Australia)

Retrospective cohort.
10 years.
Whole body injuries.

116 (42 M, 74 F).
M: 16.5 years; F: 13.5 years (at 
beginning of scholarship).
Height and body mass not reported.

Elite level.
36–40 hours/week, 11–12 sessions/
week.

11.
Level 3.

Gans et al,47 2018
(USA)

Retrospective.
10 years.
ACL injuries.

F only (number not reported).
Age, height and body mass not 
reported.

Collegiate level.
Training exposure not reported.

11.
Level 3.

Ghasempour et al,40 2013
(Iran)

Cross-sectional and retrospective.
1 year.
Ankle injuries.

43 M.
20.5 (16–28) years.
Height and body mass not reported.

Elite level.
2.7 hours/session, 5.3 sessions/week.

11.5.
Level 3.

Ghasempour et al,42 2014
(Iran)

Cross-sectional and retrospective.
1 year.
Wrist injuries.

43 M.
20.5 (16–28) years.
Height and body mass not reported.

Elite level.
2.7 hours/session, 5.3 sessions/week.

13.
Level 3.

Goodman et al,48 2018
(USA)

Retrospective cohort.
4 years.
Elbow subluxation and dislocation 
injuries.

F only (number not reported).
Age, height and body mass not 
reported.

Collegiate level.
Training exposure not reported.

10.5.
Level 3.

Kay et al,49 2017
(USA)

Retrospective cohort.
5 years.
Severe injuries.

F only (number not reported).
Age, height and body mass not 
reported.

Collegiate level.
Training exposure not reported.

12.
Level 3.

Kolt and Kirkby,51 1995
(Australia)

Retrospective cohort.
1 year.
Whole body injuries.

162 F.
12.6±2.0 years.
Height and body mass not reported.

Elite, national and state level.
Elite: 31.1±3.6 hours/week; national/
state: 17.0±4.6 hours/week.

12.
Level 3.

Kolt and Kirkby,50 1999
(Australia)

Retrospective cohort.
1 year.
Whole body injuries.

162 F.
12.6±2.0 years.
Height and body mass not reported.

Elite, national and state level.
Elite: 31.1±3.6 hours/week; national/
state: 17.0±4.6 hours/week.

11.5.
Level 3.

Kolt and Kirkby,35 1999
(Australia)

Prospective cohort.
18 months.
Whole body injuries.

64 F.
12.6±1.7 years.
Height and body mass not reported.

Elite, national and state level.
Elite: 33.3±2.4 hours/week; national/
state: 16.8±4.5 hours/week.

11.
Level 3.

Kopec et al,52 2017
(USA)

Retrospective cohort.
5 years.
Deltoid ligament sprains.

F only (number not reported).
Age, height and body mass not 
reported.

Collegiate level.
Training exposure not reported.

10.5.
Level 3.

Lindner and Caine,36 1990
(Canada)

Prospective cohort.
3 years.
Whole body injuries.

178 F.
7–15 years.
Height and body mass not reported.

National and state level.
Training exposure not reported.

11.5.
Level 3.

O’Kane et al,43 2014
(USA)

Cross-sectional and retrospective.
Entire gymnastics career and last 
season.
Whole body injuries.

96 F.
7–17 years.
Height and body mass not reported.

National and state level.
Training exposure not reported for 
entire sample or subgroups.

11.
Level 1.

Rizzone et al,6 2017
(USA)

Retrospective cohort.
10 years.
Stress fractures.

F only (number not reported).
Age, height and body mass not 
reported.

Collegiate level.
Training exposure not reported.

10.5.
Level 3.

Soler and Calderon,39 2000
(Spain)

Cross-sectional.
Spondylolysis.

112 M and F.
Age, height and body mass not 
reported.

Elite level.
Training exposure not reported.

12.
Level 3.

Continued
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sessions, days, weeks or months lost to injury.2 9 35 36 40 43 44 46 51 52 
However, one study reported the duration of pain,41 and another 
used a grading system based on subjective reports on pain, as 
well as subsequent modified aspects of training.34 Furthermore, 
one study only investigated severe injuries (restricted participa-
tion >21 days; table 2).49 It should be noted that there were no 
catastrophic or life-threatening injuries reported in any of the 
included studies.

Injury nature
Seven studies provided information on whether the injury 
was acute or overuse in nature.2 6 9 36 44 47 52 The incidence 
of reported acute injuries for female gymnasts ranged from 
55.8%-83.3%, whereas overuse injuries ranged between 
23.3%-44.2%,2 9 35 36 while the prevalence of acute and overuse 
injuries varied from 58.3%–73.5% and 26.5%–41.7%, respec-
tively.45 46 51 Only two studies reported on the nature of male 
gymnasts’ injuries; the incidence for acute injuries was reported 
as 73.0% and overuse injuries as 27.0%,34 while the acute 
injury prevalence was 60.3% and overuse 39.7%.46 Addition-
ally, one study reported the percentage of female gymnasts to 
sustain acute and overuse injuries over the previous season 
(acute=43.5%, overuse=40.7%) as well as over their lifetime of 
gymnastics activity (acute=57.6%, overuse=52.7%).43

Seven studies provided information on recurrent inju-
ries.2 6 9 36 44 47 52 The incidence of recurrent injuries ranged from 
8.5% to 32.7%,2 9 36 while the prevalence proportion ranged from 
7.7% to 34.6% of all recorded injuries.6 44 47 52 It should be noted 
that the highest recurrent rate was found for stress fractures,6 
while one of the lowest recurrent rates was recorded by Lindner 
and Caine,36 who also found that 28% of gymnasts sustained a 
recurrent injury from an original injury they sustained prior to 
the surveillance period (which was not included in the recurrent 
rate during the surveillance period). Additionally, Caine et al9 
stated that 83.3% of all recorded recurrent injuries were from 
an original overuse injury.

Injury mechanism
Information on the mechanism of acute injury was provided 
by 10 studies2 9 34 36 40 43–45 48 49 52: five of which described the 
mechanism of injury,36 44 48 49 52 seven reported the apparatus the 
injury occurred on2 9 34 36 40 43 52 and four described either the 
skill phase or specific skill the gymnast was performing when 
injury occurred (table 4).34 36 40 43 Surface contact was the most 
common injury mechanism,48 49 52 and all but one study reported 
that floor was the apparatus associated with the greatest number 
of injuries for both male and female gymnasts (range 15.0%–
58.0%).2 9 34 36 40 43 52 However, two studies also reported 

that injuries were just as likely to occur on beam for female 
gymnasts45 52 and parallel bars for male gymnasts.34 In terms of 
the skill phase, landings were associated with the highest rates 
of injury (range 49%–76%),40 43 followed by falls and colli-
sions (27.8%).34 Variations of leaps, jumps, swings, dismounts 
and tumbling skills were all mentioned as being associated with 
injury, but it should be noted that Lindner and Caine36 stated 
that somersaults on floor were responsible for 24% of all injuries 
where a specific skill was mentioned.

Risk factors and associated factors
A total of two studies investigated risk factors,2 9 while 
10 studies investigated associated factors for gymnastics 
injury.6 40–43 45 47 49 50 52 The distinction between risk factors and 
associated factors is outlined in the Methods. In short, we make 
the distinction because ‘associations’ identified in cross-sectional 
studies (and retrospective studies) should be interpreted differ-
ently from ‘risk factors’ identified in longitudinal studies.

Table  5 presents the significant risk and associated factors 
for gymnastics injury. Additional evidence exists to suggest that 
competitive level also influences the location and types of inju-
ries for competitive female gymnasts. Two studies found that 
elite and national/state level female gymnasts most commonly 
sustained injuries to the lower limbs (range 50.5%–61.0%)35 51; 
however, one study found that national/state level gymnasts 
experienced more injuries to the spine and trunk region than 
elite gymnasts (22.0% and 11.2%, respectively).35 In terms of 
injury type, Kolt and Kirkby51 initially found that sprains were 
most common for both elite and national/state female gymnasts 
(32.4% and 28.1%, respectively). However, they later reported 
that that elite level gymnasts were more susceptible to growth-
plate injuries (24.8%), while sprains were still most common 
for national/state level gymnasts (39.8%).35 Furthermore, elite 
female gymnasts experienced an increased rate of overuse 
injuries (acute=44.1%–50.3%, overuse=49.7–55.9%), while 
national/state level female gymnasts sustained more acute inju-
ries (acute=65.7%–75.0%, overuse=25.0–34.3%).35 51

Discussion
Our systematic review highlights that there are large inconsis-
tencies in the literature regarding how injury data in competi-
tive artistic gymnasts is collected and reported. This is further 
discussed in the following sections along with the main injury 
findings.

Authors, year
(country)

Study design, surveillance 
period, injury location/type 
investigated

Sample size, mean age, height and 
body mass (M, F; SD/range)

Level of competition, mean/range 
training exposure±SD (range) D&B score, OCEBM LoE

Tenforde et al,37 2017
(USA)

Prospective cohort.
Surveillance period not reported.
Stress fractures.

16 F.
Age, height and body mass not 
reported.

Collegiate level.
Training exposure not reported.

13.
Level 3.

Vanderlei et al,44 2013
(Brazil)

Cross-sectional and retrospective.
1 year.
Whole body injuries.

8 F.
Age, height and body mass not 
reported.

National and state level.
Training exposure not reported.

13.
Level 3.

Wright and De Cree,45 1998
(UK)

Cross-sectional and retrospective.
4 years.
Whole body injuries.

15 F.
11.8±3.5 years.
Height and body mass not reported.

Elite level.
13.6±5.8 hours/week.

13.
Level 3.

D&B, Downs and Black; F, female; LoE, Level of Evidence; M, male; OCEBM, Oxford Centre for Evidence-based Medicine.

Table 1  Continued 
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Table 2  Injury definition, data collection methods, statistical analysis performed and injury incidence and prevalence

Authors, year
(country) Injury definition

Data collection method, statistical 
analyses performed Injury incidence and prevalence

Bak et al,34 1994
(Denmark)

Any damage leading to pain, restriction in activity or 
completely preventing the subject from gymnastic 
activity.

Self-reported injury report.
Descriptive statistics, Fisher’s exact test, 
α=0.05 and 95% CI.

Injury incidence
0.7 injuries per gymnasts per season; 1.0 
injuries per gymnast per 1000 hours.

Caine et al,9 1989
(USA)

Any gymnastics-related incident that resulted in a 
gymnast missing any portion of a workout or competitive 
event.

Baseline musculoskeletal assessment, self-
reported training diaries and interviews.
Descriptive statistics, canonical correlation 
analysis, stepwise discriminant analysis and 
discriminant function analysis.

Injury incidence
2.5 injuries per gymnast; 3.7 injuries per 
1000 hours.

Caine et al,2 2003
(USA)

Any gymnastics-related incident that resulted in the 
gymnast missing any portion of a practice or competitive 
event, beginning on the day of injury.

Baseline musculoskeletal assessment, self-
reported injury reports and interviews.
Descriptive statistics, estimated risk ratios, 
Fisher’s exact test and χ2 test.

Injury incidence
2.5 injuries per 1000 hours; 8.5 injuries per 
1000 AEs.

Dexel et al,38 2014
(Germany)

Not reported. DASH questionnaire, MEPS 
questionnaire and MRI.
Descriptive statistics and Fisher’s exact test, 
α=0.05.

Injury prevalence
0.4 injuries per gymnast.

DiFiori et al,41 1996
(USA)

Not reported. Survey and physical examination.
Statistics analyses not reported.

Injury prevalence
0.7 injuries per gymnast.

Dixon and Fricker,46 1993
(Australia)

All injuries of the gymnasts that presented to the 
Australian Institute of Sport sports medicine department 
over the 10 years while training or competing were 
recorded. Injuries sustained prior to entering the 
programme but were still causing problems were also 
included.

Reviewed medical records.
Descriptive statistics.

Injury prevalence:
female: 2.0 injuries per gymnast per year; 
male: 2.0 injuries per gymnast per year.

Gans et al,47 2018
(USA)

An injury was defined as one resulting from participation 
in an organised intercollegiate practice or competition 
that required attention from a physician or athletic 
trainer. Primary ACL ruptures were defined as those 
occurring in knees with no history of ACL ruptures. 
Recurrent ACL ruptures were defined as those occurring 
in the same knee as a previously treated ACL rupture.

Reviewed NCAA-ISP medical records 
collected by athletic trainers.
Descriptive statistics and ORs, α=0.05 and 
95% CI.

Injury prevalence
34 injuries per 10 000 AEs.

Ghasempour et al,40 2013
(Iran)

Any damaged body part (only the ankle) that requires 
medical attention, prevents or restrict the gymnast from 
training or competing in any activity/apparatus in any 
way and/or any length of time.

Interviews and anthropometric 
measurements.
Descriptive statistics, Spearman correlation 
and ETA method and α=0.05.

Injury prevalence
3.4 injuries per gymnast.

Ghasempour et al,42 2014
(Iran)

Any damaged body part (only to wrist) that required 
medical attention, prevented or restricted the gymnasts 
from training or competing in any activity/apparatus in 
any way and/or any length of time.

Interviews and anthropometric 
measurements.
Descriptive statistics, Spearman correlation 
and coefficient of non-linear relationship 
(ETA) and α=0.05.

Injury prevalence
3.0 injuries per gymnast per year.

Goodman et al,48 2018
(USA)

All injuries that were reported to medical professional 
were recorded in the NCAA-ISP database. Injuries listed 
as elbow subluxation or elbow dislocation were included 
in the analysis.

Reviewed NCAA-ISP medical records 
collected by athletic trainers.
Descriptive statistics and rate ratios and 
95% CI.

Injury prevalence
0.7 injuries per 10 000 AEs.

Kay et al,49 2017
(USA)

A reportable injury occurred from participation in an 
organised intercollegiate practice or competition and 
required attention from an AT or physician. Severe injuries 
were those that restricted participation for more than 
3 weeks (21 days). Severe injuries also included those that 
resulted in the student-athlete choosing to prematurely 
end the season, courses of recovery extending beyond the 
end of the season. and medical disqualification.

Reviewed NCAA-ISP medical records 
collected by athletic trainers.
Descriptive statistics and rate ratios and 
95% CI.

Injury prevalence
1.4 injuries per 1000 AEs.

Kolt and Kirkby,51 1995
(Australia)

A gymnastic-related incident that resulted in a participant 
missing or modifying any portion of a training session or 
competition.

Self-report questionnaire.
Descriptive statistics, χ2 test and t-tests 
with Bonferroni adjustment.

Injury prevalence
2.0 injuries per gymnast; 2.0 injuries per 
1000 hours.

Kolt and Kirkby,50 1996
(Australia)

A gymnastic-related incident that resulted in a participant 
missing or modifying any portion of a training session or 
competition.

Self-report questionnaire.
Multiple regression analysis, adjusted R2 
and correlations and 95% CI.

–

Kolt and Kirkby,35 1999
(Australia)

Any gymnastics-related physical damage that caused the 
gymnast to miss or modify one or more training sessions, 
competitions or both (not including blisters).

Self-report injury booklets.
Descriptive statistics, χ2 analysis and 
unpaired t-tests with Bonferroni 
adjustment.

Injury incidence
5.5 injuries per gymnast; 3.6 injuries 
per gymnast per year; 3.3 injuries per 
1000 hours.

Continued

 on 5 F
ebruary 2019 by guest. P

rotected by copyright.
http://bjsm

.bm
j.com

/
B

r J S
ports M

ed: first published as 10.1136/bjsports-2018-099547 on 22 January 2019. D
ow

nloaded from
 

http://bjsm.bmj.com/


8 Campbell RA, et al. Br J Sports Med 2019;0:1–15. doi:10.1136/bjsports-2018-099547

Review

Quality assessment and level of evidence
The included studies in this systematic review scored relatively 
well in the reporting section (ie, describing target population); 
however, some studies missed critical information such as 
describing the age, height, body mass, training exposure informa-
tion or the gymnasts competitive level. This made comparisons 
between studies, and the context of the findings, more difficult to 
interpret. The included studies generally scored moderate/poor 
in the confounding bias section (ie, reporting characteristics of 
participants lost to dropout). Half of the included studies scored 
full points in the external validity section (ie, how representative 
was the sample population of the entire population), while the 
other half scored poorly. Many of the articles that were excluded 
at the quality assessment stage did not provide enough informa-
tion about the target population or did not use valid and reliable 
data collection and reporting methods. Overall, the quality of 
available gymnastics epidemiology literature is lacking. Specif-
ically, more detailed descriptions of the sample population, 
reporting of confounding variables, participant dropout and 
providing reasons for dropout is greatly needed.

Twenty-one included studies were scored as having level 3 
evidence (local non-random sample),2 6 9 34–42 44–52 with only one 
study being scored level 1 (local and current random sample).43 
All but one study used some variation of convenience sampling: 
either recruiting from a single/few gymnastics clubs or medical 
clinics.2 6 9 34–42 44–52 A greater emphasis should be placed on using 
random sampling methods (from different clubs and regions) to 
reduce sampling bias and provide a more accurate depiction of 
the burden of injury for competitive artistic gymnasts.

Injury definition and data collection methods
Injury definitions ranged from only capturing injuries that were 
diagnosed by a medical professional to gymnasts reporting 
their level of pain and discomfort. Generally, most injury defi-
nitions included aspects that accounted for missed or modi-
fied training/competitions,2 9 34 35 40 42–45 50 51 and some sort of 
medical requirement.37 39 46 Variation among data collection 
methods was also present; with few studies relying on medical 
records,37–39 46 while others used diverse self-reported injury 

Authors, year
(country) Injury definition

Data collection method, statistical 
analyses performed Injury incidence and prevalence

Kopec et al,52 2017
(USA)

A reportable injury occurred from participation in an 
NCAA-sanctioned practice or competition and required 
attention from an AT or physician A specific definition of 
deltoid ligament sprain as they relied on the expertise 
of the ATs collecting data, as well as the other members 
of the team medical staff with whom they worked to 
accurately identify and diagnose such injuries.

Reviewed NCAA-ISP medical records 
collected by athletic trainers.
Descriptive statistics, rate ratios and 95% 
CIs.

Injury prevalence
2.3 injuries per 10 000 AEs.

Lindner and Caine,36 1990
(Canada)

Defined as the inability to perform an activity requiring 
the use of a specific body part for longer than 1 day due 
to a physical complaint related to gymnastics.

Injury reports.
Descriptive statistics.

Injury incidence
0.3 injuries per gymnast per year; 0.5 
injuries per 1000 hours.

O’Kane et al,43 2014
(USA)

An acute injury was defined on the questionnaire as a 
sudden onset injury resulting in the inability to participate 
in at least 1 part of a practice or competition session for 
one or more days. An overuse injury did not require time 
loss but was defined as pain caused by gymnastics lasting 
2 weeks or more, not resulting from an acute injury.

Self-report questionnaires.
Descriptive statistics, χ2 tests, multivariate 
regression modelling and 95% CIs.

Injury prevalence
1.3 acute injuries per 1000 hours; 1.8 
overuse injuries per 1000 hours.

Rizzone et al,6 2017
(USA)

A reportable injury was defined as an injury that (1) 
occurred due to participation in a school-sanctioned 
practice or competition, (2) required attention from 
an AT or physician, (3) resulted in at least 24 hours of 
time missed from participation and (4) had a reported 
diagnosis of stress fracture.

Reviewed NCAA-ISP medical records 
collected by athletic trainers.
Descriptive statistics, rate ratios and 95% 
CIs.

Injury prevalence
25.6 injuries per 100 000 AEs.

Soler and Calderon,39 2000
(Spain)

Athletes were deemed to have spondylolysis if images 
showed clear evidence of lysis in the lateral or oblique 
projections with or without listhesic sliding in the lateral 
radiographies. All doubtful cases were excluded.

Reviewed medical records and MRI.
Descriptive statistics, independent t-test, 
Fisher-Snedecor test, Mann-Whitney 
U tests, χ2 test and Fisher’s exact test, 
α=0.05.

Injury prevalence
0.2 injuries per gymnast.

Tenforde et al,37 2017
(USA)

To be included as a BSI for a given athlete, the 
injury required diagnosis from a physician, imaging 
confirmation (MRI, CT, radiograph or bone scan) and 
documentation that the injury occurred as a result of 
sports participation.

Self-report questionnaire and DXA.
Descriptive statistics, risk ratios, Poisson 
regression with robust standard errors and 
multivariate modelling.

Injury incidence
0.3 injuries per gymnast.

Vanderlei et al,44 2013
(Brazil)

Any physical complaint from training and/or competition 
that limited a subject’s participation for at least 1 day 
was considered an injury from sports, regardless of the 
requirement of the medical care.

Self-report questionnaire.
Independent t-tests, Mann-Whitney’s test 
and Goodman’s test, α=0.05.

Injury prevalence
1.3 injuries per gymnast.

Wright and De Cree,45 1998
(UK)

A gymnastics-related incident that limited participation in 
any of the gymnastic events.

Self-report questionnaire and 
anthropometric measurements.
Multivariate analysis of variance, χ2 
tests and independent t-tests.

Injury prevalence
2.3 injuries per gymnast.

α, alpha significance level; AEs, athletic exposures; AT, athletic trainer; BSI, bone stress injury; DASH, disabilities of arm, shoulder and hand; DXA, duel X-ray absorptiometry; 
MEPS, Mayo Elbow Performance Score; NCAA-ISP, National Collegiate Athletic Association Injury Surveillance Program.

Table 2  Continued 
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Table 3  Summary of injury location, types and severity

Author, year
(country)

Participants, types/location of 
injuries investigated

Most common injury locations 
(top three), n (%)

Most common injury types (top 
three), n (%) Injury severity, mean/n (%)

Bak et al,34 1994
(Denmark)

Male gymnasts.
Whole body injuries.

1. Upper limb=14 (53.8).
2. Lower limb=11 (42.3).
3. Back=1 (3.8).

– Grade 1=19 (73.1).
Grade 2=1 (3.8).
Grade 3=5 (19.2).
Grade 4=0 (0).
Grade 5=1 (3.8).
*Grade definitions presented in 
table footnote.

Caine et al,9 1989
(USA)

Female gymnasts.
Whole body injuries.

1. Lower limbs=94 (63.7).
2. Upper limbs=30 (20.4).
3. Spine/trunk=22 (15.2).

1. Non-specific=59 (40.1).
2. Sprain=28 (19.0).
3. Strain=26 (17.7).

<8 days lost=60 (40.8).
8–21 days lost=49 (33.3).
>21 days lost=38 (25.9).

Caine et al,2 2000
(USA)

Female gymnasts.
Whole body injuries

1. Lower limbs=111 (57.8).
2. Upper limbs=41 (21.4).
3. Spine/trunk=37 (19.3).

1. Strain=61 (31.8).
2. Sprain=37 (19.3).
3. Other=27 (14.0).

<8 days lost=147 (76.6).
8–21 days lost=21 (10.9).
>21 days lost=24 (12.5).
Injuries that required surgery=9 
(4.7).

Dexel et al,38 2014
(Germany)

Female gymnasts.
Elbow injuries.

All elbow injuries. Elbow complaints at time of 
examination
1. Pain=6 (20.0).
2. Blockage (recurring)=4 (13.4).
3. Swelling=2 (6.7).
MRI results
1. No pathology=19 (63.4).
2. OCD (capitellum humeri)=7 
(23.4).
3. Stress reaction=2 (6.7).

– 

DiFiori et al,41 1996
(USA)

Male and female gymnasts.
Wrist injuries.

1. Dorsal=61.5%.
2. Unknown=14%.
3. Ulnar=12.3%.

1. Aching=32 (92%).
2. Instability=18.4%.
3. Clicking, catching, swelling=all 
5.0%.

Pain.>6 months=18 (47.0).

Dixon et al,46 1993
(Australia)

Male and female gymnasts.
Whole body injuries.

Men
1. Upper limbs=133 (53.8).
2. Lower limbs=81 (32.8).
3. Spine=32 (13.0).
Women34 46

1. Lower limbs=180 (54.4).
2. Upper limbs=86 (26.0).
3. Spine=65 (19.6).

Men
1. Shoulder rotator cuff lesions=42 
(17.0).
2. Wrist impingement syndrome=26 
(10.5).
3. Elbow soft tissue injuries=25 
(10.1).
Women
1. Lumbosacral soft tissue/pars 
defects=43 (13.2).
2. Foot/toes (stress fractures, 
ligament sprains, fat pad injury)=37 
(11.4).
3. Ankle inversion injuries=36 
(11.1).

Catastrophic/life threatening 
injuries=0.
>2 months lost=9.

Ghasempour et al,40 2013
(Iran)

Male gymnasts.
Ankle injuries.

All ankle injuries. 1. Torsion=81 (55.2).
2. Dislocation=25 (17.0).
3. Strain=25 (17.0).

Slight (1–3 days until return to full 
training)=50 (34.0).
Minor (4–7 days)=74 (50.0).
Moderate (8–28 days)=19 (13.0).
Major (>28 days)=4 (3.0).

Ghasempour et al,42 2014
(Iran)

Male gymnasts.
Wrist injuries.

All wrist injuries. 1. Wound=60 (47.0).
2. Inflammation=19 (15.0).
3. Wrist ganglia=19 (15.0).

Not reported.

Kay et al,49 2017
(USA)

Female gymnasts.
Severe injuries.

1. Lower leg/ankle/foot=29 (36.7).
2. Knee=20 (25.3).
3. Elbow=10 (12.7).

1. Sprain=25 (31.6).
2. Strain=11 (13.9).
3. Fracture and other=both 9 (11.4).

All considered ‘severe’ injuries 
(restricted participation >21 days).

Kolt and Kirkby,51 1995
(Australia)

Female gymnasts.
Whole body injuries.

1. Lower limbs=184 (57.3).
2. Upper limbs=73 (22.7).
3. Spine/trunk=57 (17.8).

1. Sprain=95 (29.6).
2. Strain=66 (20.6).
3. Growth plate=37 (11.5).

Mean training sessions 
missed=3.7.
Mean number of training sessions 
modified=20.4.
Mean weeks missed=0.7.
Mean weeks modified=3.1.

Continued
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reports or questionnaires.2 9 34–38 41 43–45 50 51 Depending on the 
injury definition and data collection method used, studies may 
have underestimated the true injury rate. For example, under-
estimation may occur if only injuries that required medical 
attention are recorded or studies that used self-report measures 
over long recall periods, which may introduce recall errors.53 
In contrast, others may have overestimated injuries, particularly 
those where gymnasts reported all types of pain and discomfort, 
which may be due to a training effect rather than an actual injury 
(eg, delayed onset muscle soreness). This highlights the influence 
that injury definitions and data collection methods can have on 
injury results and emphasises the need to implement consistent 
guidelines for future gymnastics epidemiology research in order 
for the results to be more conclusive.

Injury findings
Injury prevalence and incidence results shown in the current 
review have also been reported in previous narrative gymnastics 
reviews.16 17 19 54 The results of this review are also comparative 
to dancing injury literature (another aesthetic sport), which has 
reported injury incidence ranging from 17% to 94%55 and a prev-
alence from 3% to 100% of all dancers sustaining an injury.55 56 
For additional context, female artistic gymnastics is constantly 
reported as having some of highest injury rates in the American 
collegiate system, which includes sports such as soccer, football, 
volleyball, field hockey, basketball and lacrosse, some of which 
are considered contact or collision based sports.6 47 48 52 57 58

Distinct differences existed between male and female 
gymnasts in the anatomical location of injuries. Evidence 
suggests that female gymnasts sustain mostly lower limb inju-
ries,2 6 9 35 36 43–46 49 51 while males mostly injure their upper 
limbs.34 46 These results seem logical considering female gymnasts 
compete on three apparatus (out of four; vault, beam and floor) 
that heavily use their lower limbs, while males compete on four 
apparatus (out of six; horizontal bar, parallel bars, pommel and 
rings) that mainly require the use of their upper limbs. Female 
gymnasts experienced mostly sprain or strain injuries,35 45 51 
while only one study described injury types for male gymnasts 
(rotator cuff lesions were most common).46 Injury severity was 
defined in multiple ways (eg, missed training sessions and pain 
grading), with majority of studies reporting the duration until 
the gymnast returned to their former level of training as their 
primary definition.2 9 35 36 40 44 51 However, there is evidence to 
suggest gymnasts return to their former level of training while 
still experiencing injury symptoms, which may explain the large 
variation between the reported injury severity results.44

Overuse injury results varied from 23.3% to 44.2% of all 
reported injuries for female gymnasts and between 27.0% and 
39.7% for males. When compared with other sports, artistic 
gymnastics had a higher incidence of overuse ankle and foot 
injuries than basketball, rugby, soccer and volleyball athletes.59 
Additionally, a large epidemiological study found that gymnas-
tics had some of the highest rates of overuse injury and deemed 
the sport a high overuse activity.60 The high overuse injury rates 

Author, year
(country)

Participants, types/location of 
injuries investigated

Most common injury locations 
(top three), n (%)

Most common injury types (top 
three), n (%) Injury severity, mean/n (%)

Kolt and Kirkby,351999
(Australia)

Female gymnasts.
Whole body injuries.

1. Lower limb=205 (59.0).
2. Upper limb=74 (20.9).
3. Spine/trunk=60 (17.2).

1. Sprain=100 (29.7).
2. Strain=81 (23.2).
3. Growth plate=43 (12.3).

Mean training sessions 
missed=1.4.
Mean number of training 
sessions=14.0.
Mean weeks missed=0.4.
Mean weeks modified=2.1.

Kopec et al,52 2017
(USA)

Female gymnasts.
Deltoid ligament sprains.

Only deltoid ligament sprains. Only deltoid ligament sprains. Non-time loss=4 (30.8).
Severe (>21 days lost)=2 (15.4).

Lindner and Caine,36 1990
(Canada)

Female gymnasts.
Whole body injuries.

1. Lower limb=51 (53.1).
2. Upper limb=22 (22.9).
3. Spine/trunk=13 (13.5).

1. Fracture=21 (22.6).
2. Sprain=18 (19.4).
3. Strain and non-specific 
pain=both 11 (11.8).

<1 week lost=3 (3.4).
1 week lost=13 (14.8).
2 weeks lost=10 (11.4).
3 weeks lost=9 (10.2).
4 weeks lost=9 (10.2).
5 weeks lost=6 (6.8).
6 weeks lost=8 (9.1).
>6 weeks lost=30 (34.1).
Mean weeks lost=4.4.

O’Kane et al,43 2014
(USA)

Female gymnasts.
Whole body injuries.

Acute
1. Foot=12 (21.0).
2. Ankle=11 (19.3).
3. Other=9 (15.8).
Overuse
1. Other=16 (20.8).
2. Lower back=14 (18.4).
3. Foot=13 (17.2).

Acute
1. Sprain/strain=21 (39.6).
2. Bruise/swelling=16 (30.3).
3. Fracture=12 (22.6).
Overuse
Not reported.

Acute
Mean days lost=25.2 (29.7 SD).
Median days lost=14.0.
Overuse
Not reported.

Rizzone et al,6 2017
(USA)

Female gymnasts.
Stress fractures.

1. Fibula=7 (26.9).
2. Metatarsal=7 (26.9).
3. Lower back/lumbar spine/
pelvis=4 (15.4).

All stress fractures. – 

Vanderlei et al,442013
(Brazil)

Female gymnasts.
Whole body injuries.

1. Lower limbs=7 (70.0).
2. Upper limbs=3 (30.0).

– Light (1–7 restraining days)=9 
(90.0).
Moderate (8–21 restraining 
days)=1 (10.0).

*Grade 1=training with pain possible or minor restrictions in activity; grade 2=absence from training; grade 3=competing with pain or restrictions in exercise; grade 4=absence 
from training and competition and grade 5=hospital admission.

Table 3  Continued 
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Table 4  Summary of acute injury mechanisms, apparatus and skills performed at time of injury

Author, year
(country)

Participants, types of injuries 
investigated Mechanism of injury, n (%) Apparatus, n (%)

Skill phase, skill type/specific 
skill, n (%)

Bak et al,34 1994
(Denmark)

Male gymnasts.
Whole body injuries.

– Floor=4 (21.1).
Pommel=2 (10.5).
Rings=3 (15.8).
Vault=1 (5.3).
Parallel bars=4 (21.1).
Horizontal bar=2 (10.5).
Trampoline=1 (5.3).
Other=2 (10.5).

Dismounts=4 (22.2).
Falls=5 (27.8).
Collision=5 (27.8).
Mounts=0 (0).
Other (gluing)=4 (22.2).

Caine et al,9 1989
(USA)

Female gymnasts.
Whole body injuries.

– Vault=9 (13.8).
Uneven bars=13 (20.0).
Beam=15 (23.1).
Floor=23 (35.4).
Other=5 (7.7).

– 

Caine et al,2 2003
(USA)

Female gymnasts.
Whole body injuries.

– Vault=13 (11.4).
Uneven bars=34 (29.8).
Beam=19 (16.7).
Floor=39 (34.2).
Trampoline=3 (2.6).
Other=6 (5.3).

– 

Ghasempour et al,40 2013
(Iran)

Male gymnasts.
Ankle injuries.

– Floor=85 (58.0).
Vault=43 (29.0).

Landing=112 (76.0).
During routine (excluding 
landing)=35 (24.0).

Goodman et al,48 2018
(USA)

Female gymnasts.
Elbow subluxation and elbow 
dislocations.

Surface contact=49 (100). – – 

Kay et al,49 2017
(USA)

Female gymnasts.
Severe injuries.

Surface contact=37 (46.8).
Apparatus contact=16 (20.3).

– – 

Kopec et al,52 2017
(USA)

Female gymnasts.
Deltoid ligament sprains.

Surface contact=8 (61.5). Vault=3 (23.1).
Beam=5 (38.5).
Floor=5 (38.5).

– 

Lindner and Caine, 36 1990
(Canada)

Female gymnasts.
Whole body injuries.

Apparatus failure=0 (0).
Missed move=21 (30.0).
Apparatus contact=12 (17.1).
Fall from apparatus=11 (15.7).
Dismount=8 (11.4).
Contact with another Person=3 (4.3).
Other=15 (21.4).

Vault=9 (13.0).
Uneven bars=13 (18.8).
Beam=12 (17.4).
Floor=26 (37.7).
No apparatus=9 (13.0).

Vault
Handspring=5 (11.1).
Tsukahara=2 (4.4).
Bars
Kip=3 (6.7.).
Under-swing dismount=3 (6.7).
Release=2 (4.4).
Beam
Walkover=2 (4.4).
Back handspring=2 (4.4).
Somersault dismount=2 (4.4).
Aerial cartwheel=2 (4.4).
Floor
Round-off=6 (13.3).
Back layout twisting somersault=4 
(8.9).
Back handspring=3 (6.7).
Back somersault=4 (8.9).
Back layout somersault=2 (4.4).
Front somersault=3 (6.7).

O’Kane et al,43 2014
(USA)

Female gymnasts.
Whole body injuries.

– Vault=7 (13.2).
Bars=9 (17.0).
Beam=11 (20.7).
Floor=17 (32.1).
Other=9 (17.0).

Run-up phase=1 (2.1).
Take-off phase=2 (3.9).
Skill-specific phase=10 (19.6).
Back handspring=3.
Front handspring=2.
Cast away from high bar=1.
Jump to high bar=1.
Heel snap turn=1.
Straddle jump=1.
Switch leap=1.
Landings=25 (49.0).
Other=13 (25.4).

Vanderlei et al,44 2013
(Brazil)

Female gymnasts.
Whole body injuries.

Direct contact=0 (0).
No contact=9 (90.0).
Overload=1 (10.0).

– – 

Continued
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in this review are particularly alarming, especially considering 
that these injuries could be reduced through adequate moni-
toring and prescription of training.61 Few studies collected data 
on recurrent injury rates meaning results varied greatly (range 
8.5%–34.6%).2 6 36 44 47 52 Furthermore, up to 83% of recurrent 
injuries were from an original overuse injury.9 However, it is 
likely the recurrent rate of injury may be higher than previously 
reported, because most studies only counted injuries as ‘recur-
rent’ if they occurred within the surveillance period.

Both men and women reported that floor was the apparatus 
associated with the greatest number of injuries. This result is 
consistent with other gymnastics reviews1 7 16 17 54 62 and seems 
like a logical result, especially since gymnasts perform warm-
up, strengthening exercises, practice skills for other apparatus 
as well as train floor routines on this apparatus. Landings were 
associated with the greatest number of injuries,40 43 followed by 
falls and collisions,34 which is a consistent result among the liter-
ature.1 7 15–17 54 Many variations of skills were listed as causing 
injury; however it appears that tumbling skills on floor (specif-
ically somersaults) were the most hazardous.36 Interestingly, all 
the skills listed as associated with injury are relatively basic to 
moderate level skills. Previously it has been hypothesised that 
performing more advanced level skills would result in a greater 
number of injuries16 17; however, only two studies reported 
specific skills (and only included up to national level gymnasts), 
meaning that results are still unknown for higher level gymnasts 
(elite).

Risk factors and associated factors
This review suggests that gymnasts who are older,41 45 taller,45 
heavier in body mass,41 42 44 have a bigger body size,40 are training 
at a higher competitive level,9 41 training for longer durations,41 
competing at competitions2 47 52 and are experiencing increased 
life stress50 are at a greater risk for developing a gymnastics 
injury. Additionally, the competitive phase proved important 
for ACL injuries (greater risk during competition/post-season 
phase) and severe injury risk (greater risk during pre-season 
compared with competition phase).47 49 No studies reported a 
significant relationship between menarcheal status and injury, 
although Caine et al9 did observe a trend that suggested that 
postmenarcheal gymnasts were at a slightly greater risk for injury 
(p<0.06). The exact explanation for this is currently unknown; 
however, it has been suggested that premenarcheal gymnasts 
are generally smaller with greater skeletal plasticity, which may 
support why they sustain fewer injuries.43 The identified risk and 
associated factors are very similar to dance literature findings, 
with age, training duration, psychosocial characteristics55 56 and 
performance level55 all being linked to dancing injuries. Clini-
cians and training staff should be aware of the above-mentioned 
risk and associated factors for gymnastics injury to identify and 
monitor gymnasts that meet these requirements. Gymnasts may 
need close medical supervision and regularly questioned about 
the presence of injury, especially as they mature and transition 

into higher competitive levels and begin to increase their training 
load.

Ideally, prospective cohort studies are best placed to identify 
potential risk factors for injury; however, only six studies used 
this design, while most were either retrospective or cross-sec-
tional, therefore often ignoring the temporal association.63 Addi-
tionally, many studies did not use random sampling methods or 
provide information on confounding variables, which may have 
skewed the results by either overestimating or underestimating 
the true association with injury.

Strengths and limitations
Several methods were employed to ensure the quality of this 
review. Initially, a total of six databases were searched using a 
thorough string of keywords, along with the screening of all 
reference lists to limit the number of eligible articles missed. 
Second, the articles were all independently screened by two 
reviewers at the title/abstract level and full-text level. Lastly, 
articles were quality assessed using a valid and reliable checklist 
tool27 and were excluded from this review if they were not of 
sufficient quality. This ensured that only the best quality articles 
were included in this review.

However, this review does have several limitations. As 
mentioned previously, the different methodologies used in the 
included studies has made drawing conclusions between these 
studies difficult and reinforces the need for improved research 
design and analysis. A lack of random sampling methods was 
also present, which may have introduced some sampling bias 
into this review, potentially compromising the generalisability of 
these results to the entire population (ie, all competitive artistic 
gymnasts). This review also included studies that purely focused 
on specific types or locations of injuries (ie, ACL injuries  and 
wrist injuries), which may provide an under-representation of 
the true extent of injury that occurred in those populations 
because only certain injuries were recorded. To address this 
issue, these studies were not grouped with studies that inves-
tigated all injuries but discussed separately to reduce this bias. 
Furthermore, most studies used self-reported measures that may 
be subject to recall error (if collected retrospectively) or may 
not have captured the true nature and diagnosis of the injury. 
Finally, comparisons between female and male gymnasts should 
be treated with caution as there were very few articles that 
explored injuries in competitive male artistic gymnasts.

Recommendations for future research
Future research should focus on improving the quality and level 
of evidence by using comparable data collection methods, such 
as using consistent injury definitions, standardised reporting of 
results and conducting validity and reliability tests on question-
naires. It is recommended that future gymnastics injury research 
use an injury definition that encompasses key points from injury 
definitions already in place for other sports, such as addressing 
time-loss from training/competition, modified aspects of training, 

Author, year
(country)

Participants, types of injuries 
investigated Mechanism of injury, n (%) Apparatus, n (%)

Skill phase, skill type/specific 
skill, n (%)

Wright andDe Cree,45 1998
(UK)
Cross-sectional and 
retrospective.

Female gymnasts.
Whole body injuries.

 – Vault=15.0%.
Bars=15.0%.
Beam 40.0%.
Floor=15.0%.

– 

Table 4  Continued 
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medical attention and physical complaints.64–67 Additionally, 
using validated questionnaires that follow the same recommen-
dations of injury should also be considered, for example, a modi-
fied version of the Oslo Sports Trauma Research Centre overuse 
injury questionnaire.68 A consistent method to assess injury 

severity should also be developed that does not only rely on days 
lost to injury, as gymnasts often continue to train while injured.44

Additionally, there is a substantial lack of studies that focused 
on injuries in male artistic gymnasts. This review suggests that 
there may be differences between the injury patterns of female 

Table 5  Risk and associated factors for gymnastics injury

Authors, year
(country), study design, injuries 
investigated

Risk factors 
investigated Significant risk factors Associated factors investigated Significant associated factors

Caine et al,9 1989
(USA).
Prospective cohort.
Whole body injuries.

Maturation rate, 
somatotype, exposure 
time and competitive 
level.

1. Higher competitive level 
(p<0.05).
2. Trend towards maturation 
rate (p<0.06).

– -

Caine et al,2 2003
(USA).
Prospective cohort.
Whole body injuries.

Competitive level and 
exposure to training/
competition.

1. Exposure to competition 
(compared with training, risk 
ratio=2.7, p=0.035).

– -

DiFiori et al,41 1996
(USA).
Cross-sectional and retrospective.
Elbow injuries.

– – Age, height, body mass, training 
duration, competitive level, age at 
initiation of training and years of 
cumulative exposure.

1. Older age (p<0.05).
2. Greater body mass (p<0.05).
3. Longer training duration (p<0.05).
4. Higher competitive level (p<0.05).

Gans et al,47 2018
(USA).
Retrospective cohort.
ACL injuries.

– – Exposure to training/
competition and time of season.

1. Exposure to competition (compared 
with training; OR 6.1, 95% CI 2.7 to 13.0, 
p<0.0001).
2. Exposure to regular season/postseason 
training (compared with preseason; OR 2.5, 
95% CI 1.0 to 6.0, p=0.04).

Ghasempour et al,40 2013
(Iran).
Cross-sectional and retrospective.
Ankle injuries.

– – Body mass, height, body mass 
index, somatotype, body fat 
percentage, lower extremity 
length, ankle girth, calf girth and 
body size (based on wrist 
circumference).

1. Larger body size (p=0.002).

Ghasempour et al,42 2014
(Iran).
Cross-sectional and retrospective.
Wrist injuries.

– – Height, body mass, body mass 
index, fat percentage, somatotype, 
body size, wrist girth and forearm 
girth.

1. Greater body mass (p=0.02).

Kay et al,492017
(USA).
Retrospective cohort.
Severe injuries.

– – Exposure to training/
competition and time of season.

1. Exposure to preseason (compared with 
regular season, rate ratio=2.1, 95% CI 1.2 
to 3.4).

Kolt and Kirkby,50 1996
(Australia).
Retrospective cohort.
Whole body injuries.

– – Life stress, anxiety, self-
esteem and locus of control.

1. Increased life stress (95% CI 0.039 to 
0.118).

Kopec et al,52 2017
(USA).
Retrospective cohort.
Deltoid ligament sprains.

– – Exposure to training/competition. 1. Exposure to competition (compared with 
training, rate ratio=8.5, 95% CI 2.9 to 25.4).

O’Kane et al,43 2014
(USA).
Cross-sectional and retrospective.
Whole body injuries.

– – Age, body mass index, menarcheal 
status, training duration and 
competitive level.

No significant findings.

Rizzone et al,6 2017
(USA).
Retrospective cohort.
Stress fractures.

– – Exposure to training/competition. No significant findings.

Wright and De Cree,451998
(UK).
Cross-sectional and retrospective.
Whole body injuries.

– – Age, height, body mass, body mass 
index, somatotype and body fat 
percentage.

1. Older age (p=0.002).
2. Taller height (p=0.006).
3. Greater body mass (p=0.001).
4. Vertical jump score (indication of strength; 
p=0.02).
5. Back extension ROM (indication of 
flexibility, p=0.013).
6. Ankle dorsiflexion ROM (indication of 
flexibility, p=0.013).

ROM, range of motion.
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gymnasts and male gymnasts, so more focused research on men’s 
gymnastics is warranted. Greater quality information on recur-
rent injury rates would be beneficial especially considering that 
injury prevention methods differ depending on whether new 
injuries or recurrent injuries are the priority (ie, focusing on 
rehabilitating injuries fully before returning to former level of 
training). Lastly, more accurate risk factor research is needed 
and should be conducted prospectively and focus primarily on 
modifiable risk factors that could potentially be developed into 
successful injury prevention programmes.

Conclusion
Clinicians and coaches should be aware that gymnasts are at a 
greater risk of sustaining an injury as they grow older and taller, 
increase competitive levels and train longer hours. Future research 
should focus on increasing the quality of evidence by thoroughly 
reporting population characteristics while implementing consis-
tent injury definitions and data collection methods. Additionally, 
greater information on the injuries of male gymnasts is needed, 
as well as higher quality prospective risk factor studies that place 
an emphasis on modifiable risk factors. Overall, more consis-
tent and comprehensive injury reporting in competitive artistic 
gymnastics is needed to develop appropriate injury prevention 
strategies.

Acknowledgements  This research is supported by an Australian Government 
Research Training Program (RTP) Scholarship.

Contributors  All authors contributed to the original concept of this paper. 
RAC, EJB and WS designed the search strategy that RAC executed. RAC and WS 
independently undertook the process of inclusion/exclusion and assessment of bias. 
RAC extracted all data from the included studies. All authors contributed to the 
drafting and final approval of the manuscript. This work was undertaken by RAC as a 
component of her PhD under the supervision of authors EJB, NBB, DLP and WS.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  None declared.

Patient consent  Not required.

Provenance and peer review  Not commissioned; externally peer reviewed.

References
	 1	 Caine DJ, Harringe ML. Epidemiology of injury in gymnastics. Gymnastics 

2013:109–24.
	 2	 Caine D, Knutzen K, Howe W, et al. A three-year epidemiological study of injuries 

affecting young female gymnasts. Physical Therapy in Sport 2003;4:10–23.
	 3	 Kerr ZY, Hayden R, Barr M, et al. Epidemiology of national collegiate athletic 

association women’s gymnastics injuries, 2009-2010 through 2013-2014. J Athl Train 
2015;50:870–8.

	 4	 Clarke KS, Buckley WE. Women’s injuries in collegiate sports. A preliminary 
comparative overview of three seasons. Am J Sports Med 1980;8:187–91.

	 5	 Hootman JM, Dick R, Agel J. Epidemiology of collegiate injuries for 15 sports: 
summary and recommendations for injury prevention initiatives. J Athl Train 
2007;42:311–9.

	 6	 Rizzone KH, Ackerman KE, Roos KG, et al. The Epidemiology of Stress Fractures in 
Collegiate Student-Athletes, 2004-2005 Through 2013-2014 Academic Years. J Athl 
Train 2017;52:966–75.

	 7	 Bradshaw EJ, Hume PA. Biomechanical approaches to identify and quantify injury 
mechanisms and risk factors in women’s artistic gymnastics. Sports Biomech 
2012;11:324–41.

	 8	 Wadley GH, Albright JP. Women’s intercollegiate gymnastics. Injury patterns and 
"permanent" medical disability. Am J Sports Med 1993;21:314–20.

	 9	 Caine D, Cochrane B, Caine C, et al. An epidemiologic investigation of injuries 
affecting young competitive female gymnasts. Am J Sports Med 1989;17:811–20.

	10	 Kolt GS, Kirkby RJ. Injury, anxiety, and mood in competitive gymnasts. Percept Mot 
Skills 1994;78:955–62.

	11	 Kaeding CC, Borchers J, Oman J, et al. Medical expenditures in division I collegiate 
athletics: an analysis by sport and gender. Phys Sportsmed 2014;42:71–7.

	12	 Finch C. A new framework for research leading to sports injury prevention. J Sci Med 
Sport 2006;9:3–9.

	13	 van Mechelen W, Hlobil H, Kemper HCG. Incidence, severity, aetiology and prevention 
of sports injuries. Sports Medicine 1992;14:82–99.

	14	 Caine DJ, Lindner KJ. Overuse injuries of growing bones: The young female gymnast at 
risk?. Phys Sportsmed 1985;13:51–64.

	15	 Daly RM, Bass SL, Finch CF. Balancing the risk of injury to gymnasts: how effective are 
the counter measures? Br J Sports Med 2001;35:8–19.

	16	 McAuley E, Hudash G, Shields K, et al. Injuries in women’s gymnastics. The state of 
the art. Am J Sports Med 1988;16 Suppl 1(Suppl 1):S124–S31.

	17	 Meeusen R, Borms J. Gymnastic injuries. Sports Med 1992;13:337–56.
	18	 Sands WA. Injury prevention in women’s gymnastics. Sports Med 2000;30:359–73.
	19	 Thomas RE, Thomas BC. A systematic review of injuries in gymnastics. Phys Sportsmed 

2018:1–26.
	20	 Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for systematic reviews 

and meta-analyses: the PRISMA statement. PLoS Med 2009;6:e1000097.
	21	 Hill AB. The environment and disease: association or causation? SAGE Publications, 

1965.
	22	 Barroga EF, Kojima T. Research study designs: an appraisal for peer reviewers and 

science editors. Eur Sci Ed 2013;39:44–5.
	23	 Cowan SM, Schache AG, Brukner P, et al. Delayed onset of transversus abdominus in 

long-standing groin pain. Med Sci Sports Exerc 2004;36:2040–5.
	24	 Antay-Bedregal D, Camargo-Revello E, Alvarado GF. Associated factors vs risk factors 

in cross-sectional studies. Patient Prefer Adherence 2015;9:1635–6.
	25	 Gordis L. Epidemiology. 5th Edition. Philadelphia: WB Saunders, 2000.
	26	 Kerr G. Injuries in artistic gymnastics. J Can Athl Ther Assoc 1991:19–21.
	27	 Downs SH, Black N. The feasibility of creating a checklist for the assessment of the 

methodological quality both of randomised and non-randomised studies of health 
care interventions. J Epidemiol Community Health 1998;52:377–84.

	28	 Bielemann RM, Martinez-Mesa J, Gigante DP. Physical activity during life course and 
bone mass: a systematic review of methods and findings from cohort studies with 
young adults. BMC Musculoskelet Disord 2013;14:77.

	29	 Freke MD, Kemp J, Svege I, et al. Physical impairments in symptomatic 
femoroacetabular impingement: a systematic review of the evidence. Br J Sports Med 
2016;50:1180.

	30	 Kennelly J. Methodological approach to assessing the evidence. Reducing Racial/
Ethnic Disparities in Reproductive and Perinatal Outcomes: Springer 2011:7–19.

	31	 Modini M, Tan L, Brinchmann B, et al. Supported employment for people with severe 
mental illness: systematic review and meta-analysis of the international evidence. Br J 
Psychiatry 2016;209:14–22.

	32	 Martell BA, O’Connor PG, Kerns RD, et al. Systematic review: opioid treatment for 
chronic back pain: prevalence, efficacy, and association with addiction. Ann Intern 
Med 2007;146:116–27.

What is already known

►► Artistic gymnasts experience high rates of injury.
►► Floor exercise is the apparatus most commonly associated 
with acute gymnastics injuries.

►► The landing phase of gymnastics skills is when most 
gymnastics injuries occur.

What are the new findings

►► Training at an advanced competitive level and performing at 
competitions are significant risk factors for gymnastics injury.

►► Male artistic gymnasts sustain mostly injuries to the upper 
limbs, while females sustain lower limb injuries.

►► The high contribution of overuse injuries has been overlooked 
in artistic gymnastics

How might it impact on clinical practice in the future?

►► Injury prevention programmes may need to be tailored 
differently for male and female gymnasts.

►► Clinicians should advocate for full rehabilitation of injuries 
prior to returning to training, as artistic gymnastics has high 
recurrent injury rates.

►► Preventing overuse injury prevention should also be a focus, 
but there is a dearth of science as to how to achieve this goal. 

 on 5 F
ebruary 2019 by guest. P

rotected by copyright.
http://bjsm

.bm
j.com

/
B

r J S
ports M

ed: first published as 10.1136/bjsports-2018-099547 on 22 January 2019. D
ow

nloaded from
 

http://dx.doi.org/10.1016/S1466-853X(02)00070-6
http://dx.doi.org/10.4085/1062-6050-50.7.02
http://dx.doi.org/10.1177/036354658000800308
http://www.ncbi.nlm.nih.gov/pubmed/17710181
http://dx.doi.org/10.4085/1062-6050-52.8.01
http://dx.doi.org/10.4085/1062-6050-52.8.01
http://dx.doi.org/10.1080/14763141.2011.650186
http://dx.doi.org/10.1177/036354659302100224
http://dx.doi.org/10.1177/036354658901700616
http://dx.doi.org/10.1177/003151259407800351
http://dx.doi.org/10.1177/003151259407800351
http://dx.doi.org/10.3810/psm.2014.09.2078
http://dx.doi.org/10.1016/j.jsams.2006.02.009
http://dx.doi.org/10.1016/j.jsams.2006.02.009
http://dx.doi.org/10.2165/00007256-199214020-00002
http://dx.doi.org/10.1080/00913847.1985.11708947
http://dx.doi.org/10.1136/bjsm.35.1.8
http://www.ncbi.nlm.nih.gov/pubmed/3046389
http://dx.doi.org/10.2165/00007256-199213050-00004
http://dx.doi.org/10.2165/00007256-200030050-00004
http://dx.doi.org/10.1080/00913847.2018.1527646
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1249/01.MSS.0000147587.81762.44
http://dx.doi.org/10.2147/PPA.S98023
http://dx.doi.org/10.1136/jech.52.6.377
http://dx.doi.org/10.1186/1471-2474-14-77
http://dx.doi.org/10.1136/bjsports-2016-096152
http://dx.doi.org/10.1192/bjp.bp.115.165092
http://dx.doi.org/10.1192/bjp.bp.115.165092
http://dx.doi.org/10.7326/0003-4819-146-2-200701160-00006
http://dx.doi.org/10.7326/0003-4819-146-2-200701160-00006
http://bjsm.bmj.com/


15Campbell RA, et al. Br J Sports Med 2019;0:1–15. doi:10.1136/bjsports-2018-099547

Review

	33	 OCEBM Levels of Evidence Working Group. The Oxford 2011 levels of evidence, 2011. 
https://www.​cebm.​net/​2016/​05/​ocebm-​levels-​of-​evidence/.

	34	 Bak K, Kalms SB, Olesen S, et al. Epidemiology of injuries in gymnastics. Scand J Med 
Sci Sports 1994;4:148–54.

	35	 Kolt GS, Kirkby RJ. Epidemiology of injury in elite and subelite female gymnasts: 
a comparison of retrospective and prospective findings. Br J Sports Med 
1999;33:312–8.

	36	 Lindner KJ, Caine DJ. Injury patterns of female competitive club gymnasts. Can J Sport 
Sci 1990;15:254–61.

	37	 Tenforde AS, Carlson JL, Chang A, et al. Association of the female athlete triad risk 
assessment stratification to the development of bone stress injuries in collegiate 
athletes. Am J Sports Med 2017;45:302–10.

	38	 Dexel J, Marschner K, Beck H, et al. Comparative study of elbow disorders in young 
high-performance gymnasts. Int J Sports Med 2014;35:960–5.

	39	 Soler T, Calderón C. The prevalence of spondylolysis in the Spanish elite athlete. Am J 
Sports Med 2000;28:57–62.

	40	 Ghasempour H, Rajabi R, Alizadeh MH, et al. Ankle injuries of elite male Iranian 
gymnasts and anthropometric characteristics. Turkish Journal of Sport and Exercise 
2013;15:35–41.

	41	 DiFiori JP, Puffer JC, Mandelbaum BR, et al. Factors associated with wrist pain in the 
young gymnast. Am J Sports Med 1996;24:9–14.

	42	 Ghasempour H, Rajabi R, Alizadeh MH, et al. Correlation between elite male Iranian 
gymnast’s wrist injuries and their anthropometric characteristics. Electron Physician 
2014;6:932–8.

	43	 O’Kane JW, Levy MR, Pietila KE, et al. Survey of injuries in Seattle area levels 4 to 10 
female club gymnasts. Clin J Sport Med 2011;21:486–92.

	44	 Vanderlei FM, Vanderlei LCM, Netto Júnior J, et al. Characteristics of sports injuries 
and factors associated with injury in beginners of female artistic gymnastics. 
Fisioterapia e Pesquisa 2013;20:191–6.

	45	 Wright KJ, Crée CD. The influence of somatotype, strength and flexibility on injury 
occurrence among female competitive olympic style gymnasts. A pilot study. Journal 
of Physical Therapy Science 1998;10:87–92.

	46	 Dixon M, Fricker P. Injuries to elite gymnasts over 10 yr. Med Sci Sports Exerc 
1993;25:1322???1329–9.

	47	 Gans I, Retzky JS, Jones LC, et al. Epidemiology of Recurrent Anterior Cruciate 
Ligament Injuries in National Collegiate Athletic Association Sports: The Injury 
Surveillance Program, 2004-2014. Orthop J Sports Med 2018;6:232596711877782.

	48	 Goodman AD, Lemme N, DeFroda SF, et al. Elbow Dislocation and Subluxation Injuries 
in the National Collegiate Athletic Association, 2009-2010 Through 2013-2014. 
Orthop J Sports Med 2018;6:232596711775010.

	49	 Kay MC, Register-Mihalik JK, Gray AD, et al. The epidemiology of severe injuries 
sustained by national collegiate athletic association student-athletes, 2009-2010 
through 2014-2015. J Athl Train 2017;52:117–28.

	50	 Kolt G, Kirkby R. Injury in Australian female competitive gymnasts: A psychological 
perspective. Aust J Physiother 1996;42:121–6.

	51	 Kolt GS, Kirkby RJ. Epidemiology of injury in Australian female gymnasts. Sports 
Medicine, Training and Rehabilitation 1995;6:223–31.

	52	 Kopec TJ, Hibberd EE, Roos KG, et al. The epidemiology of deltoid ligament sprains 
in 25 national collegiate athletic association sports, 2009-2010 through 2014-2015 
academic years. J Athl Train 2017;52:350–9.

	53	 Raphael K. Recall bias: a proposal for assessment and control. Int J Epidemiol 
1987;16:167–70.

	54	 Overlin AJ, Chima B, Erickson S. Update on artistic gymnastics. Curr Sports Med Rep 
2011;10:304–9.

	55	 Hincapié CA, Morton EJ, Cassidy JD. Musculoskeletal injuries and pain in dancers: a 
systematic review. Arch Phys Med Rehabil 2008;89:1819–29.

	56	 Kenny SJ, Whittaker JL, Emery CA. Risk factors for musculoskeletal injury in 
preprofessional dancers: a systematic review. Br J Sports Med 2016;50:997–1003.

	57	 Hame SL, LaFemina JM, McAllister DR, et al. Fractures in the collegiate athlete. Am J 
Sports Med 2004;32:446–51.

	58	 Hunt KJ, Hurwit D, Robell K, et al. Incidence and epidemiology of foot and ankle 
injuries in elite collegiate Athletes. Am J Sports Med 2017;45:426–33.

	59	 Sobhani S, Dekker R, Postema K, et al. Epidemiology of ankle and foot overuse injuries 
in sports: A systematic review. Scand J Med Sci Sports 2013;23:669–86.

	60	 Stracciolini A, Casciano R, Friedman HL, Levey Friedman H, et al. A closer look at 
overuse injuries in the pediatric athlete. Clin J Sport Med 2015;25:30–5.

	61	 Drew MK, Finch CF. The relationship between training load and injury, illness and 
soreness: A systematic and literature review. Sports Med 2016;46:861–83.

	62	 Caine DJ, Nassar L. Gymnastics injuries. Med Sport Sci 2005;48:18–58.
	63	 Emery CA. Risk factors for injury in child and adolescent sport: a systematic review of 

the literature. Clin J Sport Med 2003;13:256–68.
	64	 Junge A, Engebretsen L, Alonso JM, et al. Injury surveillance in multi-sport events-the 

IOC approach. Br J Sports Med 2008.
	65	 Fuller CW, Ekstrand J, Junge A, et al. Consensus statement on injury definitions and 

data collection procedures in studies of football (soccer) injuries. Scand J Med Sci 
Sports 2006;16:83–92.

	66	 Hodgson L, Gissane C, Gabbett TJ, et al. For debate: consensus injury definitions 
in team sports should focus on encompassing all injuries. Clin J Sport Med 
2007;17:188–91.

	67	 Timpka T, Alonso JM, Jacobsson J, et al. Injury and illness definitions and data 
collection procedures for use in epidemiological studies in Athletics (track and field): 
consensus statement. Br J Sports Med 2014;48:483–90.

	68	 Clarsen B, Myklebust G, Bahr R. Development and validation of a new method for 
the registration of overuse injuries in sports injury epidemiology: the Oslo Sports 
Trauma Research Centre (OSTRC) overuse injury questionnaire. Br J Sports Med 
2013;47:495–502.

	69	 Mulrow CD. Systematic Reviews: Rationale for systematic reviews. BMJ 
1994;309:597–9.

 on 5 F
ebruary 2019 by guest. P

rotected by copyright.
http://bjsm

.bm
j.com

/
B

r J S
ports M

ed: first published as 10.1136/bjsports-2018-099547 on 22 January 2019. D
ow

nloaded from
 

https://www.cebm.net/2016/05/ocebm-levels-of-evidence/
http://dx.doi.org/10.1111/j.1600-0838.1994.tb00419.x
http://dx.doi.org/10.1111/j.1600-0838.1994.tb00419.x
http://dx.doi.org/10.1136/bjsm.33.5.312
http://www.ncbi.nlm.nih.gov/pubmed/2125528
http://www.ncbi.nlm.nih.gov/pubmed/2125528
http://dx.doi.org/10.1177/0363546516676262
http://dx.doi.org/10.1055/s-0034-1371835
http://dx.doi.org/10.1177/03635465000280012101
http://dx.doi.org/10.1177/03635465000280012101
http://dx.doi.org/10.1177/036354659602400103
http://dx.doi.org/10.14661/2014.932-938
http://dx.doi.org/10.1097/JSM.0b013e31822e89a8
http://dx.doi.org/10.1589/jpts.10.87
http://dx.doi.org/10.1589/jpts.10.87
http://dx.doi.org/10.1249/00005768-199312000-00002
http://dx.doi.org/10.1177/2325967118777823
http://dx.doi.org/10.1177/2325967117750105
http://dx.doi.org/10.4085/1062-6050-52.1.01
http://dx.doi.org/10.1016/S0004-9514(14)60444-X
http://dx.doi.org/10.1080/15438629509512053
http://dx.doi.org/10.1080/15438629509512053
http://dx.doi.org/10.4085/1062.6050-52.2.01
http://dx.doi.org/10.1093/ije/16.2.167
http://dx.doi.org/10.1249/JSR.0b013e31822dc3b2
http://dx.doi.org/10.1016/j.apmr.2008.02.020
http://dx.doi.org/10.1136/bjsports-2015-095121
http://dx.doi.org/10.1177/0363546503261708
http://dx.doi.org/10.1177/0363546503261708
http://dx.doi.org/10.1177/0363546516666815
http://dx.doi.org/10.1111/j.1600-0838.2012.01509.x
http://dx.doi.org/10.1097/JSM.0000000000000105
http://dx.doi.org/10.1007/s40279-015-0459-8
http://dx.doi.org/10.1159/000084282
http://dx.doi.org/10.1097/00042752-200307000-00011
http://dx.doi.org/10.1111/j.1600-0838.2006.00528.x
http://dx.doi.org/10.1111/j.1600-0838.2006.00528.x
http://dx.doi.org/10.1097/JSM.0b013e3180547513
http://dx.doi.org/10.1136/bjsports-2013-093241
http://dx.doi.org/10.1136/bjsports-2012-091524
http://dx.doi.org/10.1136/bmj.309.6954.597
http://bjsm.bmj.com/

	Injury epidemiology and risk factors in competitive artistic gymnasts: a systematic review
	Abstract
	Introduction
	Methods
	Data sources and search strategy
	Study selection
	Inclusion criteria
	Exclusion criteria

	Quality assessment and level of evidence
	Data extraction and analysis

	Results
	Search results
	Study characteristics
	Quality assessment and level of evidence
	Injury definition and data collection methods
	Injury incidence and prevalence
	Injury location
	Injury type
	Injury severity
	Injury nature
	Injury mechanism
	Risk factors and associated factors

	Discussion
	Quality assessment and level of evidence
	Injury definition and data collection methods
	Injury findings
	Risk factors and associated factors
	Strengths and limitations
	Recommendations for future research

	Conclusion
	References


